Demand for sugar in Pakistan is increasing day by day while the scope for increasing area of sugarcane is limited. Conventional sowing techniques/planting patterns are one of imperative reason for low productivity of sugarcane in Pakistan. Therefore, we assumed the yield, quality and economics of sugarcane under square and round pit planting techniques. During 2013-15 and 2015-16 at Faisalabad, the experiment was arranged in randomized complete block design. Planting techniques were comprised of 45 cm spaced square pits having area 90 cm × 90 cm, 45 cm spaced round pits having diameter 90 cm, 60 cm spaced square pits having area 90 cm × 90 cm, 60 cm spaced round pits having diameter 90 cm, 75 cm spaced square pits having area 90 cm × 90 cm, 75 cm spaced round pits having diameter 90 cm, 90 cm spaced square pits having area 90 cm × 90 cm and 90 cm spaced round pits having diameter 90 cm. After the harvest of the first-year crop, the field was kept as ratoon crop for 2 nd -year trials. Maximum plant height 374.66 cm and 323.41 cm was attained when sugarcane was planted in 90 cm spaced square pits having area a 90 cm × 90 cm in plant and ratoon crop, respectively. The highest unstripped cane yield (158.08 t/ha and 128.78 t/ha) and stripped cane yield (134.88 t/ ha and 101.51 t /ha) was obtained from sugarcane planted at 45 cm spaced square pits having an area 90 cm× 90 cm in plant and ratoon crop, respectively. Moreover, this treatment gave maximum net return of Rs.177370/ha, net field benefits of Rs.347819 /ha and benefit-cost ratio of 1.57.
INTRODUCTION
Sugarcane is an important profitable sugar crop of Pakistan. Pakistan ranks at the 4 th and 8 th position by the area under cultivation and sugar production, respectively across the globe (FAO, 2012) . It shares 3.2 % in value-added agriculture and 0.6% in GDP (Govt. of Pakistan, 2016) . The cultivated area under sugarcane during 2015-16 was 1.132 m ha that showed a decline of 0.8% from previous year (1.141 m ha) (Govt. of Pakistan, 2016) . On the contrary, total production during 2015-16 was 65.5 million tonnes, thus showed an increase of 4.2% from the production of the previous year (62.8 million tonnes). Pakistan's average stripped cane yield is much lower than other sugarcane growing countries across the world. The harvestable yield potential of the current gene pool of sugarcane cultivars is more than 150 t/ha. However, our national average yield is 60 t/ha which is far below than its genetic potential. Many of the advanced countries like Brazil, India, China, USA and Australia have their national average yield ranging from 80-100 t/ha (FAO, 2012) . The affluent inputs, natural disasters, insufficient water application, and weeds establishment, along with poorly managed ratoon and improper planting patterns are main reasons for low production of sugarcane (Ahmad et al., 2014; Nazir et al., 2013) .
Hence, there is a dire need to search out for new planting techniques of sugarcane planting to achieve optimum planting density that ensures productive utilization of available farm resources. Different planting patterns like 60 cm spaced single rows, 90 cm double row strips and 120 cm apart trench planting are being adopted in Pakistan for enhancing sugarcane yield. Majority of the farming community faces problems by using the conventional method of planting in 60-75 cm spaced rows that significantly affects the circulation of air and interception of light required for crop growth . Many innovative methods which facilitate inter tillage operations and ensure optimum planting densities for obtaining higher yields have been developed . Pit planting technique was introduced in early 1990 as an efficient plantation technique which helps to facilitate germination, achieve optimal plant population and increased sugar recovery. Maqsood et al. (2005) opined that more cane production of sugarcane was observed in 50 cm spaced pits (100 cm × 100 cm) than the conventional method. Pit planting improved the assimilatory characters, like crop growth rate, leaf area index and increased the cane yield compared to conventional planting method improved germination and increased millable canes Sureka et al. 2009 and Chand et al., 2011 ).
Sugarcane's ratooning potential is one of the most necessary characters from farmer point of view (Chattha and Ehsanullah, 2003) . Keeping the sugarcane crop as ratoon is economically a viable option for the growers as its cost of production is 25-30% less than the plant crop. Moreover, huge quantities of seed, irrigation water, labor force and the cost of land preparation are also saved (Shukla et al., 2013) . In Pakistan, ratoon sugarcane occupies more than 50% of the total cropped area under sugarcane. Its contribution (25-30%) in total cane production is quite significant (Rehman and Ehsanullah, 2008) . Though the potential of ratoon crop is naturally 10-30% lower than the newly planted crop, however, still a comparable yield percentage can still be realized and achieved by taking appropriate care of the ratoon crop (Aamer et al., 2017) . Keeping this in view, the present study was planned to estimate the effect of pit planting methods/techniques on emergence, yield, quality and benefit cost analysis of plant and ratoon crop. Experimental material: The sugarcane was planted on 11 th of the September 2013, whereas 2 nd -year crop was kept as ratoon crop. Harvesting of plant crop (first year crop) was done on 15 th of January 2015, while ratoon (second-year crop) was harvested on 15 th February 2016. The planting patterns were as follows; P1= 45 cm spaced square pits having an area 90 cm × 90 cm, P2 = 45 cm spaced round pits having diameter 90 cm, P3 = 60 cm spaced square pits having an area 90 cm × 90 cm, P4= 60 cm spaced round pits having diameter 90 cm, P5=75 cm spaced square pits having an area 90 cm × 90 cm, P6=75 cm spaced round pits having diameter 90 cm, P7= 90 cm spaced square pits having an area 90 cm × 90 cm P8= 90 cm spaced round pits having diameter 90 cm. The field was prepared thoroughly following the standard tillage operations. In pit plantation, round pits were mechanical dug up to a depth of 60 cm using tractor mounted post hole digger. While digging of square pits was done with the help of labor. These pits were then refilled up to 45 cm depth with the same soil. No hoeing and earthing up operations were carried out. For irrigation purpose, pits in each treatment were connected with one another with small water channel like basin system of irrigation. Water and fertilizer were applied only in pits and not to fallow space left between the pits. Pre-sowing irrigation was given in all pits. Sugarcane's variety CPF-247 was selected as test variety for both years of experiment. Fertilizer was applied at the rate of 165 kg N (urea), 110 kg P ha -1 (DAP) and 110 kg K ha -1 (SOP). While in ratoon crop, fertilizer application rate was 30% more than that of the first-year plant crop. All phosphorus and potash application were done during planting, while nitrogen application was made in three splits: at the time of sowing, tillering, and earthing up. Weeds were controlled by the application of ametryn+ atrazine at 2.5 kg ha -1 . Insect pest population was controlled using the recommended agro-chemicals. Chloropyriphos @ 5 L/ha was applied at first irrigation to prevent termite attack. Observations like, emergence percentage (%), plant height (cm), internodal length (cm), stalk diameter (cm), un-stripped and stripped yield of cane (t/ ha), brix (%), commercial cane sugar (%), and cane sugar recovery (%) were recorded following the standard protocols (Spancer and Measde, 1963) . While at the end of experiment economic analysis was also analyzed in detail (CIMMYT, 1988) . The statistical analysis of data was made by utilizing Fisher's analysis of variance (Steel et al., 1996) . The differences among the treatment's means were estimated through least significance difference (LSD) test through Statistix 10 (Tallahassee, FL 32317) at the probability level (p<0.05).
MATERIALS AND METHODS

Site
RESULTS
In this study, the planting patterns were compared for emergence percentage, plant height and internodal length of sugarcane (Table 2) for both plant and ratoon crop. It is clear from the table that different planting patterns did not bring any significant change in the emergence percentage of sugarcane. However, emergence percentage of sugarcane ranged between 48 to 49%. There was significant variation in plant height of sugarcane planted in different pits systems of the plantation. In plant crop (first year crop) the maximum plant height (374.66 cm) was recorded when sugarcane was sown in P7 which was statistically equal to with those of P8 (374.10 cm), P6 (373.99 cm), P3 (373.28 cm), P1 (372.92) and P4 (372.90 cm), whereas, minimum plant height (369.99 cm) was observed when sugarcane was planted at 45 cm spaced round pits with diameter of 90 cm (P2). In ratoon crop, the highest plant height (323.41 cm) was achieved in P7 and it was at par with all other planting methods under study except P2 (317.74 cm). The internodal length sums up to contribute towards the total cane length, thus influencing the cane growth and yield. The maximum internodal length was observed when sugarcane was sown as plant crop in P8 (12.08 cm) ( Table 2 ). This treatment was at par with all other planting systems except P2 (10.91 cm) during the first year. In ratoon crop, the highest internodal length (10.11 cm) was observed when sugarcane was sown in the pattern of P8. This treatment was statistically equal to all other planting patterns except P3 (9.52 cm). The results presented in Table 3 further revealed that planting patterns markedly improved cane girth as also observed by . However, Cane girth was not affected statically in plant crop, while variation in cane diameter was observed only in ratoon crop. The maximum cane diameter (2.32 cm) of sugarcane was attained in P8. However, it was at par with P7 (2.31 cm), P6 (2.30 cm) and P5 (2.29 cm). The minimum cane diameter (2.27 cm) was recorded in P1 followed by those of P2 (2.28 cm), P3 (2.28 cm) and P4 (2.28 cm). Results related to un-stripped cane yield/total biomass showed that panting patterns had a pronounced influence on un-stripped cane yield. In plant cane, maximum un-stripped cane yield was noted in P1 (158.03 t/ha) followed by P2 (153.25 t/ha). The minimum total biomass was recorded in P7 (131.50 t/ha), however, this was statistically equal to P8 (132.44 t/ha). In ratoon crop, the highest unstripped cane yield was observed in P1 (128.78 t/ha), while the lowest un-stripped cane yield was noticed in P8 (108.84 t/ha), which was closely followed by P7 (110.00 t/ha). As regard stripped cane yield all planting patterns produced significantly different stripped cane yield in both crop years. During the years 2013-15, P1 produced maximum stripped cane yield (134.88 t/ha) followed by P2 (130.98 t/ha) in plant crop. The lowest stripped cane yield was noticed when sugarcane was sown in P7 (103.97 t/ha). The almost similar trend was observed in ratoon cane crop, while the highest stripped cane yield was detected in P1 (101.51 t/ha). The minimum stripped cane yield (83.85 t/ha) was noticed in P8 and it was closely followed by P7 (85.07 t/ha). Overall stripped cane yield was higher in plant crop than ratoon crop. The brix percentage, commercial cane sugar (CCS) and sugar recovery (SR) were non-significant during both plant and ratoon crop years (data not shown). However, brix percentage ranged from 21.52 to 22.08% and 22.13 to 22.27 % for both plant and ratoon crops, respectively. CCS percentage ranged from 13.34 to 13.50 for plant crop and 13.78 to 13.94 for ratoon crop. SR ranged from 12.54 to 12.69% and 12.97 to 13.10 % for plant and ratoon crop, respectively.
Effects of pit planting patterns on sugarcane economics:
Averaged across two-years, net field benefits (NFB) of plant and ratoon crop of sugarcane (Table 4) showed that maximum NFB of Rs. 347819/ha in sowing pattern of P2, while the least NFB (Rs. 246239) were noted from P7. The economic analysis further revealed that during plant crop year, cost of production was more in square pit plantation than round pit plantation because square pit plantation is laborious that requires not only more time but also requires more labor for digging the pits that ultimately increased the variable cost of treatments. Whereas in round pit plantation, the only tractor mounted post hole digger was used for digging the pits. Reduction in NFB in round pits of sugarcane during ratoon crop year was mainly due to a reduction in stripped cane yield. Average benefit cost ratio (BCR) of both plant and ratoon crop of sugarcane is presented in Table 4 . The maximum BCR (1.57) was achieved from P2 while least BCR (1.24) was noted in P7. The pooled data on dominance analysis and the marginal rate of returns (MRR) of plant and ratoon crop of sugarcane are presented in Table 5 . Based on two-year average data, (P7, P5, P3, and P1) were dominated. Those planting patterns which were signed as "D" in dominance analysis were not selected for marginal analysis. Maximum marginal rate of returns (291 %) was obtained from P2. Cheema et al. (2002) and Ehsanullah et al. (2011) who reported that a linear relationship for an increase in plant height was exhibited by greater seed-bed depth, lesser inter-plant competition, and proper spacing. The highest internodal length of sugarcane in P8 might be attributed to better crop growth rate during the entire crop growing period and better utilization of the farm inputs resources due to less plant to plant competition. Our results related to the length of internodes are in line with those reported by Aamer et al. (2017) who found a significant difference in the internodal length of a cane due to various planting patterns.
More cane girth at 90 cm parts pits was attributed to several reasons viz., more nutrient availability and the subsequent uptake, more availability of the photosynthetically active radiation (PAR) and less lodging losses due to proper anchorage and circulation of air. Greater biomass/un-stripped cane yield in P1 was ascribed to more number of tillers and millable canes per unit area and better physiological performance of cane crop. These findings are validated by Bashir et al. (2005) . Sugarcane stripped cane yield mainly depends on stand density, cane length and diameter, and the millable canes /m 2 . The significant higher stripped cane yield in P1 might be because of more number of millable cane/m 2 and more unstripped cane. Bull and Bull (2000) reported that in the climatic conditions of Australia, up to 60 t/ha of stripped cane yield increased in narrow rows as compared to wider row spacing. The non-significant differences among different planting patterns regarding brix percentage, CCS, and sugar recovery might be due to the similar varietal character (Tej et al., 2006; Jain et al., 2002; Ali et al., 2001) . Moreover, Chattha et al. (2007) observed that cane planted under different planting techniques also observed no difference in sugarcane quality attributes.
Conclusions:
The present study demonstrated that round pits performed best in terms of economic return compared to square pit plantation. 45 cm spaced round pits having a diameter of 90 cm gave maximum net field benefits (Rs. 347819/ha) and with BCR of 1.57. Although square pit planting provided more yield because of increasing variable cost of production, reduction in net field benefits was observed. Under the prevailing circumstances, farmers with small land holdings should preferably adopt round pit plantation for sugarcane crop because, in square pits planting, higher labour cost is involved in digging the pits manually.
